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?!nelo«#d )i«i*«vi^ is ca^^l*t04 thftsia sulaeiti^Mi
to jTcni for mppFcmmlm
S«(bj«et tliMl* i« for p«jrti«X fulfUiMot «r














J^a^TMUiy Tables a&d draplis
IX'i'G8
.,l/'vV'''s;
«» HI » O—IWi—>«» !««»«
ex
OH^ «.^«.^«—^ Cicr**t® ^AS ••Itf«T ,6
An Axp^rliMiitAl InTvstigAtion wm» mmim on ttom b«*
hftTlor of A t«st >iwl e<»nstrtMt«d oT 0«025 aXunlaMi
ttwp ligation with 0*032 alumliiua akin mi both sldoa*
Sueh « panel v«« subj^etod to m eoMprooolTO Xo«4 In tho
lon^itudiiMLl dirodtlon with tho imloodlod odgoo singly
mxppoptmd0 Vb» pmoml was long in r«ro2*aiioa to its
width.
Taata ahowad that IntoT'^iTat buokliag ladhiaad by
infarlor blind riiretiag ox' too larga a rlwat apaoing
would praalpitata aarly panal fallura hmt^rm aotual
critical load would occur » on a wall dasignad pazial.
Sudi typa of eonatruoticm provad ^^ry atabla wp
to loada appraa^iiiig tha aritlaal valua* Tha atrai^(tli
waight ratio indioatad it to ba ^ary daalFable in air-
araft coaata>iiction.
An analytieal snalyaia waa iwda uaing both non«»
iaotropia and iaotrople plata thaory; both aiathoda
jpi^adietad tha arltiaia load to within 7*5 par cant of
aaah eth«p» tima tnaicating ttiat tha double akin and
conjugation type plate ^ of the design vm&mr eiMiaideration,
aata aueh like an iaotrople plate*
aa««aae of the faet that aueh a plata will buokla
at a load that will induce strains In the sheet and
aoayi^atioii abewa their elastic IJjaits, it was aaoaaaary»
1
•"Attn x£fMf '9nl»n ik&Ri?T saw eft.'' rAnn ri
»rif?3:;' aIbX Alii ^rt ttp.Lfi.
X
t%M ttm tauJL^tlmmX moMljmlmp to uam r»duo«d Tsltwa for
ill* aotulus of iil&stielty* Th* prediction of Um b»*
iMTlor of th» setaX ia tho plaatie rang* !• not «xaet
thiw inaieatliig sush a px'adletlofi as eritleal load la
dlffleiilt for thla Igrpa o«Mtruetlott*
lai avuaay avsiM^si m'.a ilaj xxlm* i.«»v<AJ r^jJItti •iW Atl
UTfftUIWICTKM
pwt^blmm vBaa»r eoojaldaratioii in this roport vma
to studj tte %»h«ylor ^ • 9lAt« of th* 4«fubX« skin oof«>
miction eoftstruetlon ubidi 8ubj«ot«4 to • ^mmpfBmlan
liMid* Spselal MipiMMiis was glTon to tte diWratiftion
«r tte erltlo«l hwrtfilliig Xo«d,
4 eon«ld»pabX« moimt of ro90ft]*eli wMPk on tills ^fpo
of eonatruetlon h*s boon e«i*9*io4 oQt by tte t^lonn L*
ttirtin AiiH^rftft Faetorjr^ tet •onaldioriiig th« emploxltlos
that arise In tte aaaiysla of wqr aan-iaotroplo plato,
•dditlooftl rmtmoM^ wmek mn It ataMst v«Franto4«
IBSM analjala was lljiftltad to alixnlnua alloy platoa
wm doftignad liiat the Initial buckling streas of tte akin
mtA tte orl|»pIiiig atroaa of tte c«rjnigatl<m vera apiiro-
zltMtely e^ml ao aa to eXl>3lnate akin bueklisg before
jpiSieX fallfxre*
Ite experiiMntal teats wei»e Halted to a plate
loaded wltli a milfona axial load |x«rallel to tte sldea
Of tte plateI tte unlwK^tod edgea vere ala^ly aupp<»*ted*
tte ttesia vork eaa dotae by tte arlter during tte
•eteol year 19^3«l^9 at tte l^ilYeralty of Sflnneaota.
fteala adviser «aa Profeaa>r ^oe^^h A. wiae«
Mi;} fit •aliKi
••nnllal X^INiQ
•cCI jlffl^cfft iet>sif tftSf rtf W!©!! ease Abbtt al«sr!* aiIT
ItM dotelXa of tim t««t psnel fire shotvi «i Fig* 2*
TiM MftWrlal for Hi* ]»«imi1 was fumlshM 1^ th«
aiAim L« VttPtin Aircraft Faotorx, fabriostlon of Mam
plato was by tho «rlt«r«
Aa notad la Fig. 2 tlia panal la taparad In plan-
for» amd thlelitiaaa« tha orlglfial plana for tha ltiva»tl«
Itatlana called for a aatt*ta^pairad sactlon bat dua to roo*
airallal&lty of daalrad issatarlal tha plata aas eo&atruetad
aa ahowstm It aaa fait that tha Msall anount of tspar
did not itatorlally chaiiga tha eondltlona th&t would
ba found In a non^ti^^rad aaetlon. Par conaarvatlan
tba jalnlmai aaatian waa uaad for thm analxtloal i^alyala*
Xntamal atrain tfK^foa vl^ nm^mmnmrj loads were
plaaad bafora fabrlaatlon of oovar aklna« All atraln
finiQaa waro plaead In daplleata at locations aa aho«n
«n Fig. 2«
Filler bloolea along anpnortad »ld«a so daaliKBad
to saparata aktsa iilong aupports i^isfw^4^ v.^ry auaeaaaful
In providing a ajnMatrle a«ppoPt«
Pillor blocks at top and bottoci of nlata d—f|yiai
^laarlly to transn&t tba load to t,^m corrugation, «sra















j^lnolpal *p{>«r«tiA4i r«quix*»d for tht t«»t« fm«
« suitable Jig to Bup|>«rt th» p«n«l ali^^jr along tha
%mQ \tnk9miimt adgMi a farth*r iieii«rune%t«aal x^uir«B«xkt
MM ta tttJea tlia ^is aim^la and liis^t cmotjgh for aoa san
to littiAa* Suah a |lg «aa teaigiiad^ datalla of ahfah
am anoaa an Fi^» ^
A li^fOOO pmmA ai^paiaity Tinua Olawi tastinir waahina
«aa uaad fcs* aubjaet tasta* t)ia uddtli of tlia saivel
iMaA af tJia oaahliia aorra«i»ae<la4 to the width of tha
tap af tha pa&al.
^imut Ai>3iarataa «
fha Xaada fron tlsa atpaJUi gangaa aare soldered lata
a junotion bas »ta<la up vith Ifallory lafMit jaeksi eoa-
aaotlona fi»o« ^laetl^m box to Baldwin and Southvark ^If?
bas aaa b; aloetriaal pbona plusa«
fSba gaiMrai |«paiaadura <^ the tasta waa to laail Hi*
Plata bjr l2iara»afita» tliaa talea atrain aad ^iflaetiaa
raadiaga* It aaa tmm& tbat for tha load that aaa
plaaad on tha plata during Iha taata no appr^olabla
dafXaGti<m aaa obaarrad, aa ladieatiim tliat auali t^pa
oosatriictlon is very stabla up to erltieal load.
mhfm Bmpmtm%m taata vvra mada, raat^lta of vhieh
waf 9ixBma graphioally in Flga* 6 to ll|. and in tabular





•Ida 1 9oiiti«» Ml r tm t
'UktttiSzt iL oa d ,i>: • rrfAfif <itm
CW 1 ^ K'SOl
4fi»«t« mrm d»s«rlb«d •mptirmtmXj b«lo« glTlag details
of sfteh*
IVMTt I.
Ltt«4 lnor«i!i«nt« of 6«000 pwiii VMP* appllAdi at
pttMl load of 23^000 p«i«Mla local fit lur« oecuprad at
Imp af paoal. G^(MII lnva«t&g*tloa of loeal fall^o^a it
«aa foimd that adis* «ii|>|Nirta did not run «p M^t aM(i^»
glTiaiS an unsip^artad aaetlon of 2 Inoliaa at to|» of
Plata. Oorractlva naaaura talcaa waa to rmmQ¥9 tha
uppar ij^ inehaa ot plata, glviag oaly a ^ iaeh nneiMp
pflrtad Plata for teat mmSbmr tvo,
Taat 11.
Load i!ie]*aaMaaita 4f 6,000 poMUfti «Ki^ a^pllad with
ooa lntaj?ctadlat»a paiial loa^ of 19»3S9 poimda* PKaal
load want up to 30,000 yomtda sit i^xiah point local
fallura occurrad at ^ttOM ^ paxial. 9p«n Invaatigatlon
of local fallura It vmm found that %tm filler bloek on
botton did uot tranaait tbo load ptrnp^rlj to tho oorru*
gatlOTi and eauaed a loeal fallura In baaring of t^
eomigatian» Thla «aa corraetad bj trlisHing 2§ Itiolioa
ttem th» bottoB and r«siovii% fillar bloek*
y««t in «
l^oad Incjra^iaiita of 12,000 poiaeida vara applied up
to 2i(.,(K^ poimda, Plata raiaainad stabla tx^ to ^,000




'.f^'^e*? JW'T * :' TC
V i»»Uv mMm Wit 1 iiCiO.i
7laoi^««slag th» IojnI to 31»600 pottBda a fallura occurrMl
At approKiMatttlj 12 Inehea froai th» t«p of Umi pmial*
71m failura at first tpj»mw4 t» b« tlia eriti««i XomI
for the paaaX but iipMi axMilziatlwi of failure it wao
o^oorrod that at puint of failura, an mm of tho oovar
idMato« rmm lioriaoiital row of rivets hmA polXmd out tisuo
subjacting ttm skin to twioo its original imsipportod
Io«fth» this roduood tha critical buekling stross of
tlta sliaat to a point iritiioh pr«oipitat#di th« failura*
Abova piato load of 30»000 pOMiia it aas obM»>Tad
tiiat interxrivot btxakllm;^ had startod*
Gpoa raa#tt»s txm Xomi w^mx^ oao rov si ri'vots
piallod out it i^fMMKPod *s though plat« had startad to
foma 3 dofililt# hAlt i^Tes of i^ipXK&witaly oqaJtl
iiUftiiit tlta loi^iiis «Mui not eontliMiwd \Mmmf0r siae*
•Botlior teat wwm to bo run on tisa imdiwia^d ra«ai3adar»
Plata was triwaad to a $(> iaah langth* Load iaor*«
»ants waro appllad sistilar to tboao in taat thraa*
XtttiM^'^riTet biMlOiag aaa oiiaarYod to start at paii«l
Xofid of 31^000 iMROids. Ona 4sfinito )%alf irava f<»na«d in
tika longitudinal diroetion at a load of Jk,QO0 pounds at
iid:ilch point uermr^ intar»rivat bueklii^ ooeurrod on ona
plats, idiilo other plate ranainad flat* Majciaun daflao-





iKf Atf iiiMT JtK'
i<i*im
€»^ Inty
nl bMnol •TOT liMtt •#laftl«ft mt
. mm^ m--
ii\ i0»» #.« <nr mrv:» Utiuf ^<r ^iN>:r
ito te on* mnd mm hmXt latiMM, mtnmm 4*n«etion was
gr«at«r thmn km»B dial eapaelty at that point.
•^PlC^OC ^«it:r #• T^iM.%93 lAib «o«A fiddt
i«K» )^ w»fclMd 4mmtai^VM4 In ltttfiK9«ii«« 2 of blblio^«phy,
fXmf «f prtnclpAl •Unmis«a v«i>sgui pl«t« lo&ds ftv«
It «a« tiHf«p%iiaa«« thot bmcm «f tiM foar tests
fgotttitd a tni* «rltltt«l lo«4 Stt Um plate^ lMMrv«r»
it was f«lt th&t the tests pr^iv^A sueoessful mm thrnj
slei^y mbmmd the sti^lllty of tliis tfpm m^smtmuitlMi
in the rmgXmBk m£ ^mmUgm VtMm ^Bum iadHestl^Eui of the
t«sts swpe sueli tiutt the psoiel mmxXA be well la Its
plaetie v«i^^ l^fore t^ ei>itie&l Xo«t4 wyuld be reaebe^i
a thAoretloal aaaXyslSf «^ieh wiXX be i^reseiited subset
tfstm&tXTff beara tiiis faet e«it ^r^te oXearly*
Twsiiiiih aa ilia eritioal l&wl «a a ipa»el sueh aa
thla Is of no iiractloal value, it is uaed extMiaiTely
aa a daalgn eritex'ia, that ia by being able to prediet
iiM% tbe eiritleaa Xo«d ia and loievlag tbe behaviop of
the pXate i^ to eritieaX» a aafe daaign load may bo
ai^pitred at*
flw tosta bore out the f aet that ao^ rivet failuaro
vilX ia#Mo early aldla instability* It s^i^oared tlmt
ImMI the rlTot w^^mm^mg,. ^mtSL deepoaaed to ti^ds foup^sia
«f aa iSiOd* y»e alciii wo^ua iia^Yo gewaineii atauie and
9
/f.; ie''v;{^- la vviA
'^^^
'
it #«tf» d9MI MOV «arMi
X-t*^*«M*»»w. K i-r7cj' *»t;x.' ^A^ 00 It &1 iUutf^




ygjb>bly would hAve allowed th« plata te r^meh ft full
oritieAl «!;»•
flM a»tlftod vtmmd in thm th««MNitie«I analysis follmrs
fait« oloAmlj th« work mm pr^9mitmd in Bofarstnea 1*
flM «ritloal load on a noo-laotropie plata aittilarly
loi^Mt and aappqgtad to tia* ana of this tast la giv«B
in aafaraaaa 3 as:
idMtrai Fen eritioal l«ad la prnmAm par tmit width
b • Plata wid^» asttll in pafi»>aaaa to Isogth
S^ s «f<amm» fl«jrai*al rigidity par unit width
«f tite laata p«rallal to tha y axis
IV .««.«.% but parallal to x axis
2((?I)jKy * airoraga torsional rigidity of tho plata
(ratio of tha ttoaaat p^r wait width to
tha tidlat}
alaos fijK • ' ^^ , By • .S^h
Sinea flaxural risldity about an axis parallal to
7 is eoatribtttad to by both ahaat and corrugation* sud
i^boiit wsk. sxia parallal to x is eontributad saainly by




*•* . » J-.1.'
11
F«p .f^ftfcty »iMfrwtla» cff»ct of eoPi*u||ati«a in Di^ 1«
<!»!)»< in evAluatian of Dj* lMfi««s
In Vfrnf^rfmem 1 it Is htwii tlMit th* t^nn ^((^Djn' ^* *^
WWitiiit «aA Oftn hm i»eplAe*d bjr Q^t^^^* «iMr«i
tf • l»«ap# skia thieloMc*
TmMt9 eoiufeioted oa e^ii'Tf^ati^a «oXiwb» ftt tfa*
01«3n L. ]ir«rtla Q^a^mKsr indiest« tiuit ths t«iig«it
»otfi2lu« of •Xastlei^ at thm efjmprBsmion stross atraJLa
eurve east b« u»#d to ^iPiodiet tho Yftltt* of K^ for tb*
tjpo plato 1& itiaaatlony haaea Fig* IB «aa plottad froa
9t*«|MS*tlfts aa le^irwa in Fig* 17*
(B9)x ^* <^*® takim aa Urn tamnwl am^hdM* of tha
avopaga •tanUii atx*aiii eitr^a f^roR tha pra|»M*tiea of flat
ahaat wtomn tha eritieal btiek|,ii|g Xoad haa baan aaeaaadad*
ShiOi a curve la plottad an Fig* 2^ fpon data of Flg»l^*
Fior oonaaanratlaia (B«)y haa hvaii tuiraa aa a«|ual to
Sffactlva i^aar madal^ita hMi baaa atodiad <^ta





..'. J UiAlJ* Ai.4*W« «||S9«VA
t
i iJit mote twMUi
12
•ad m valiM «r <l«7 ham fa*oT«4 to hm quit* r«IlAbl«
for eaA«s of th« pista b«i»g (itr««««d above tho elastio
Halt.
£9 mmmmUM^ m m^iMm ef —gljww BttmXnm aad ed*
etiXatiiis F0j|; bj th« iia»»JL»otro]»ie plate equatloo jttst
gilNHly then flndirur ca2>z*»«i»eatfi&sr load « atabla plate
wUl curry at aimUar atraiaa Dy f*g^ «<^«ri^eer» ^
^^lfr*rT%^haat ^'^ plotting veatultay tlie liitePse4Btifln itf
tve plots will Qiv9 pr«*di«te<I eritioal la«4 fer peael}
such a plot la giv«& on Fig. 21* A ^rpl«al «aleulGtlon
for aoUcUis td»e griq^ t# slvttA vmOmw San^le Caleulaticma
0(f tbla tbeals.
IRm predicted erltleel lead «aa detez«laed to be
Z^^OO peuBds per Inch of width; for an average width of
17 isohea betoeaa atQ>part« tbia woitld ooc^f^apood to a
total poBol lo&d of 1^9«>00 pounfto* Umdimm atrain la
plate at erltiool lood woe iredieted at 0*003^45 Inebeo
pmT inch,
Thla theoretieol anolyaia indieates the plate i^eoo
well into the plastic range of the aiaterial before
orltieal loi»l la obtelaed* In refereooe to aetool test
reaulta it eon be readily ooeii that plate waa obeying
^^•^i^^iwww^ wi ***i*WF ^wMo^M^pr^^ "
^"^mr
vP'^Br iwe^^w j^'ytfj^n^^sif ^HKBPBWPf^P' •BwBrW^^awB* ^BBOheaOBt
biMldUUig pa?e#^ttated panel faiXnro^ ottd ^lot If oiein
had not buckled prM^turally load c^iad have contitmed
















Cii'ffitioa mkd 4oubltt skin tjT^ of eonatimetloa
fonM m r^rj stable pmoml m^A mmtntminm tMs staMXlty
iNi]>3r eXos# to its erltioal to«4* fhe strongth vti^t
ratio la if^rj high^ ft faetor of slf^nlfleaaeo is elreraft
•«nBt^eti(m»
Rolatlng tho taat rostilts to Ui»or«tieaI edeula*
tioEM indleatea that a ^aaign 1««4 erltieal load ratio
la in tha nolghboHMMA of 0«6*
Tha aa«4 fwr praelaa rlvatiiig aad rigid Inapaetioii
after eoapXating a paoiol aewwi vary naoaaaary ainea
panala of this typa drnprnnA largaly oft tlu» flaxural
rigidity oontributad by tiia ^laata* for atablllty*
fhm taat rosulta did not iodiaata a trua eritioal
load* howivar had Intar-ritat buaidlafl: baam ffiippraasad
by a i^ara proviso rivet job otf a daaraaaad rivat ssMtaiag
it Is baXiavad th» aotuaX and pradlctad crltieaX load
ttottXd bava w^KBm^mhmd aaeh other*
Tha asi^ytiaaX aaaXyais la by im nasoks an axaat
oiia« alnca arlotxa aaamaptiona as to tlia b^sTlor of
tha niate In the pl&atie ipwans havs baan mado, hoteoTar
it mppm^J^B quita raXlabXe in rafor«aea to r«|»#atad
i^Xlaationa by tha Qltsm h. liartin Aircraft CGmpmof*
Tha |>Xftta arjparmitXy can be traatad as an laotropie
pXata baaad ^x tha anaXysls of «a laotropie ^Xata by
13
' ''*^ :r^ ^f^atwf CTT yrt* ^? r. ?M*'r«i;» r. .*
CX
Ik
^km mtttod of •tr«iB wMrggr* •• i^twmk la AppmmAXx A*
flM ftiiftXysla «a givea in AppmnilM A predicts « dPiticAl
loud idioat 7*^ p*r e«nt higlMF l^im ^ iRalxsias the
plate M being »«tt»leetropie •
thm&q^k at :;9vivi ea t-^ '9mam fiJU<Us 1*;' b^oaam •Oi
•Ion Panal 8ii|^p4MPt»d oft ?«ar IMlifi » Fag—*
of Gorpu^&tad Shaet with Flat Skin on B«tk
2« Wl««» J#4Mffti A.: CireXen of St3Pttin« Jontnuil of
PP« l0d«l|.O, AngtMt X9^0«
M(lFft«<^ill Book Cflmpany, 193 •
15
JC^»i.
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